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BACKGROUND OF THE INVENTION 
Ft Id of th Inv ntion : 

5 The present invention relates to the protection of bo vines against certain diseases that cause respiratory 
infections. More specifically, the present invention relates the administration of a multivalent vaccine to 
bovines to protect said bovines against said diseases. 

Brief Description of the Prior Art : 

10 

It is believed that the viruses comprising infectious bovine rhinotracheitis virus (IBRV), parainfluenza 
subtype 3 (PbV) and bovine respiratory syncitial virus (BRSV) are significant contributors to the respiratory 
disease complex in cattle. Disease signs of IBRV may include high fever, hyperpnea, dyspnea and severe 
inflammation of the nasal mucosa with formation of mucoid plaques. Disease signs caused by PbV may be 

75 weakness, depression, watery to mucopurulent nasal discharge, fever, coughing and weight loss. Disease 
signs of BRSV may include fever, cough, nasal discharge, ocular discharge, anorexia, hyperpnea, pulmo- 
nary edema and emphysema, and denuding of the ciliated epithelium, leading to secondary bacteria) 
pneumonia and associated sequela. The signs vary in severity, and can progress rapidly to a crisis phase. 
To protect bovines against the viral components of the respiratory disease complex, it has been known 

20 in the art to intramuscularly or subcutaneously administer to bovines a trivalent vaccine(s) containing a 
modified live infectious bovine rhinotracheitis virus (IBRV), parainfluenza subtype 3 (PbV) and bovine 
respiratory syncitial virus (BRSV) in a single vaccine. While it is recognized that mucosal administration, 
orally or intranasally, would be a more effective mode of administration, the art has heretofore not 
developed a safe and effective trivalent vaccine and a method of administering such vaccine containing 

25 these viruses, intranasally. 

Safe intranasally administered IBRV vaccines have been described. Zygraich and Lobmann (U.S. Patent 
No. 3,907,986) have described a mutant strain of IBRV prepared by: a) induction and isolation of 
temperature sensitive mutant strains and b) serial passage of the obtained temperature-sensitive strains in 
heterologous cells. This process was used to produce an IBRV vaccine which was safe when administered 

30 intranasally to cattle. However, this group did not combine their IBRV mutant with other viruses of interest 
here to show that it was still safe and that other viruses do not adversely affect the mutant IBRV. 
Incidentally, Zygraich et a (Dev. Biol. Stand. 28: 482-488) have demonstrated that simultaneous application 
of modified live IBRV, PI 3 V and Adenovirus Type 3 did not produce disease when administered intranasally 
to susceptible cattle. These scientists did not evaluate BRSV as an added component to this vaccine. They 

35 mentioned that they failed to demonstrate IBRV antibody after a single intranasal application. It took two 
intranasal applications to stimulate a high antibody level. 

As is presently known, a trivalent combination of IBRV, PbV and BRSV strains which were modified live 
and appear to be safe and effective when administered by the intramuscular route, produced disease when 
administered intranasally. It is speculated that the intranasal route of administration is equivalent to the 

40 normal infection route and, therefore, virus strains which are not "sufficiently mutated" will produce disease. 
By the term "sufficiently mutated" is meant modifying the virus adequately to allow intranasal administration 
of the virus in a live form to cattle without producing adverse effects will produce disease. 

Heretofore no trivalent vaccine prepared from modified live IBRV, PbV and BRSV has been known to 
be safe and effective in bovines when administered by the intranasal route. Without being bound to one 

45 particular theory it is believed that this vaccine combination has not been feasible because it has either 
demonstrated untoward reactions post vaccination (such as production of disease) or has demonstrated an 
interference interaction between one or more of the viruses such that the antigenicity is significantly 
reduced. 

From the foregoing, it would be realized that there is a need for a trivalent vaccine containing IBRV, 
so PbV and BRSV and a method of intranasally administering said vaccine to bovines. 

SUMMARY OF THE INVENTION 

In accordance with th foil wing, the present inv ntion n com passes a safe and ffective intranasal 
55 bovine vaccin incorporating a non-vtrul nt modified liv infecti us bovine rhinotracheitis virus (IBRV), 
parainfluenza subtype 3 (PbV) and bovine respiratory syncitial virus (BRSV). Also encompassed by the 
invention is a method of vaccinating bovines comprising intranasally administering th reto a safe and 
ffective amount of a trivalent vaccine containing a modified live, infecti us bovine rhinotracheitis virus 
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(IBRV), parainflu nza subtype 3 (PbV) and bovine respiratory syncitiaJ virus (BRSV). By the term "safe and 
effective" is meant that the vaccines can be administered intranasal^ in amounts that would protect cattle 
without causing vaccine-induced adverse effects including signs of disease. 

Surprisingly, it has been found by th present inventi n that there is no interference between the 
viruses and that bovine hosts responded by developing protective titers after intranasal administration of the 
vaccines to them. 

DETAILED DESCRIPTION OF THE INVENTION 

The trivalent vaccine useful herein contains modified live, "intranasal ly non-virulent", infectious bovine 
rhinotracheitis virus (IBRV), parainfluenza subtype 3 (PbV) and bovine respiratory syncytial virus (BRSV). By 
the term "modified live" is meant the virus has been reduced in virulence by any of several methods known 
in the art such as: 1) repeated passage in cell culture; 2) forced adaptation to growth at normally-restrictive 
temperatures; 3) treatment with chemical mutagens to force high numbers of mutations and selection for the 
desired characteristics; and 4) deletion or insertion of genes using rDNA technology. By the term 
"intranasal^ non-virulent" is meant the modified live virus exhibits reduced or no clinical signs of infection 
when administered intranasaily. As would be realized, the components of the vaccine are compatible and do 
not interfere with each other by blocking immunization potential and together are believed to constitute a 
safe and effective multi-antigenic vaccine that protects bovine hosts against viral mediated respiratory 
disease. In the preparation of the vaccine, the antigens of the respective viruses are combined in a proper 
ratio and stabilized. 

Illustratively, the vaccine was prepared according to the following methods. The IBRV component 
(original isolate) of the vaccine was obtained from a field case of infectious bovine rhinotracheitis. The strain 
was modified to reduce virulence by multiple passage in primary bovine kidney cells followed by 18 
passages in primary rabbit kidney cells. The thus-modified live IBRV strain was used to prepare a Master 
Seed by passaging it 18 times in primary rabbit kidney cells in accordance with art-known techniques for 
the preparation of a modified live virus which serves as the Master Seed Virus. A Working Seed was 
prepared from the Master Seed by passaging the Master Seed in primary rabbit kidney cells four more 
times. The 1st to 4th passage are used as Working Seed for actual vaccine production. 

Virus from the Working Seed was used to prepare the vaccine by combining approximately 10 80 
TCIDso equivalents of virus/ml with an industry standard stabilizer. Stabilized viral fluids were then 
cryopreserved by standard freeze-drying (lyophilization) methods. 

The PI 3 V useful herein is known in the art. The original strain was obtained and isolated from a 
respiratory outbreak in 1962. This original isolate was used to prepare a Master Seed by passaging it fifteen 
times in primary bovine kidney cells and nine times in porcine kidney cells in accordance with art-known 
techniques for the preparation of a modified live virus which serves as the Master Seed Virus. A Working 
Seed was prepared from the Master Seed by passaging the master seed in bovine kidney cells an 
additional 4 times. These four passages all serve as Working Seed. Virus from the working seed was used 
to prepare vaccine by combining approximately 10 65 TCID50 equivalents/ml of virus with an industry 
standard stabilizer. Stabilized viral fluids were then cryopreserved by standard freeze<lrying methods. 

As to the BRSV useful herein, the original seed strain was also obtained and isolated from a field case 
of BRSV. The original seed strain was used to prepare a Master Seed by passaging it seven times in 
bovine kidney cells, eight times in bovine turbinate cells, and forty-six additional times in bovine kidney cell 
cultures in accordance with art-known techniques for the preparation of a modified live virus. A Working 
Seed was prepared from the Master Seed by passaging the Master Seed four more times in bovine kidney 
cells. These four passages all serve as Working Seed. 

Virus from the Working Seed was used to prepare the vaccine by combining approximately 10 51 
TCID50 equivalents/ml of virus with an industry standard stabilizer. Stabilized viral fluids were then cryo- 
preserved by standard freeze-drying methods. 

As would be realized from the foregoing description, the useful viruses are known in the art and 
methods of growing the viruses such as propagation in a cell culture are also known in the art. Illustratively, 
the method of propagating the respective viruses in a ceil culture comprises inoculating cells therewith, 
incubating the cells until a cytopathic effect is realized, harvesting the propagated virus, followed by freeze- 
thawing the harvested virus and collecting th propagated virus. 

In accordance with th inventi n, the viruses employed h rein ar in a modified liv form. M thods of * 
preparing modified live viruses are known in the art It is a distinct feature of the invention that the modified 
live viruses useful h rein are characterized in that they are intranasaily n n-virulent. Methods of making a 
modified live virus intranasaily, non-virulent would be within the purview f the skilled artisan. For xampl , 
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a modified liv virus can be mad intranasally n n-viruient by multiple passage in host and/ r non-host cell 
culture, by forced adaptation to growth at normally-restrictive temperatures, by chemical mutagenesis 
followed by selection of desired characteristics, and by d letion or addition of g nes by rDNA techniques. - 

The viruses can be combined into a trivaJ nt vaccine by stabilizing the respectiv viruses separately 
s before they are combined or after they have been combined. The amounts of each virus which can be used 
are irrelevant as long as the minimal titer levels are obtained in the final product. The viruses can be 
combined in any order. The stabilizer is added to the bulk vaccine before freeze-drying. 

Stabilizers are known in the art to contain sugars such as sucrose, lactose and trehalose, proteins such 
as gelatin, serum, bovine serum albumin and NZamine, and reducing agents such as thiosulfate and 
10 glutathione. 

The vaccine can be administered intranasally in a dose of from 1.0 mL to 5.0 mL, preferably from 1.0 
mL to 2.0 mL Typically the vaccine would contain between 10 5 - 5 and 10 6 - 5 TCIDso/dose of IBRV, 10 3 - 5 and 
10 5 * TCIDso/dose PI 3 V and 10* 2 and 10 4 * TCIDso/dose BRSV. The lower titer levels listed indicate the 
minimal amount of modified live virus which has been shown to protect cattle in previously-conducted 
is vaccination/challenge studies. 

The invention is further illustrated but is not intended to be limited by the following examples in which 
all parts and percentages are by weight unless otherwise specified. 

EXAMPLES 

20 

A modified live intranasal vaccine made up of IBRV and PI 3 V labeled Nasalgen IP was combined with a 
modified live BRSV vaccine labeled BRSV Vac to produce an experimental, intranasal (IN), trivalent (IBRV- 
PbV-BRSV), modified live virus vaccine. Reconstitution of such vaccines involved adding the 20 mL of 
sterile diluent (water for injection) packaged with the BRSV Vac to the ryophilized product and shaking the 
25 contents until dissolution occurred. The reconstituted contents of the BRSV Vac were then added to the 10 
dose (20 mL) lyophilized Nasalgen IP to reconstitute it. The final product was the trivalent vaccine (IBRV- 
PbV-BRSV). 

This experimental trivalent vaccine was titrated after combination (prior to administration to cattle) in 
order to determine whether any interference could be detected between the various viral components and 
30 to confirm that protective levels of the three viruses were present prior to vaccination. Virus titers measured 
after reconstitution of the components are compared with the original allowable titers in Table 1 . 

TABLE 1 



VIRUS TITERS BEFORE AND AFTER COMBINATION INTO A TRIVALENT VACCINE 


VIRUS 


ORIGINAL TITER (TOID^/mL) 


TITER AFTER RECONSTITUTION 
(TCIDso/mL) 


IBRV 


lO^TOlO 8 * 


10 s 7 


PbV 


lO^TOiO 50 


10 33 


BRSV 


lO^TOlO 48 


10 3 * 



45 As mentioned earlier, an IBR titer of at least 10" TCIDso/mL has been shown to protect cattle from 
challenge with virulent virus. The reconstituted trivalent vaccine contained 10 57 TCIDso/mL which falls 
above the minimum protective level required and indicates that the other two virus components do not 
interfere with this fraction. Additionally, the trivalent vaccine contained 10 3 - 8 TCIDso/mL of PI 3 V which is also 
above the minimum protective level for this virus. Therefore, the IBRV and BRSV do not interfere with the 

so PbV. Finally, the BRSV titer in the reconstituted trivalent vaccine was 10 3 - 9 TCIDso/mL which is above the 
minimum protective dose for this virus and indicates that the IBRV and PI 3 V do not interfere with BRSV. It 
is apparent that this trivalent combination overcomes the problem of incompatibility or interference between 
these three viruses. 

In order to confirm the lack of int rference and prov th effectiv ness of th trivalent vaccin in th 
55 host, calves w re vaccinated with th trival nt vaccine and compared with calves vaccinated with th 
individual vaccines (Nasalgen IP and BRSV VacR) as w II as with n ^vaccinated control calves. These 
comparisons inv Ived observing the animals for disease r adv rse reactions post vaccination and 
valuating the serum n utralizing antibody titers developed by the cattl for both IBRV and BRSV, the tw 
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m st critical fractions in this trivalent combination. 

Twenty-five calves were split into five groups of five animals each and treated as described in Tabl 2. 
Trival nt vaccin was administ red to 5 calves in a 1.0 mL per nostril dose which is consid red the n rmal 
fi Id dose (1X). Fiv cattle received five times (5X) th normal field dose in order to confirm th safety of 
the modified live trivalent intranasal vaccine. As controls, the Nasalgen IP and BRSV VacR were admin-* 
istered to 5 calves each and one group of 5 calves received no vaccine. 

TABLE 2 



VACCINATION REGIMEN FOR CALVES 


GROUP 


NO. OF 
CALVE S 


VACCINE 


DOSAGE ML7NOSTRIL 


1 


5 


TRIVALENT (IBRV-PbV-BRSV) 


1X- 1.0 


2 


5 


TRIVALENT (IBRV-PfeV-BRSV) 


5X - 5.0 


3 


5 


NASALGEN IP (IBRV-PbV) 


1X- 1.0 


4 


5 


BRSV VacR (BRSV) 


1X-1.0 


5 


5 


NONVACCINATED CONTROLS 


NONE 


1X = FIELD DOSE 

5X = FIVE TIMES THE FIELD DOSE 



All calves were observed post vaccination for signs of disease (nasal erosions, ocular discharge, nasal 
discharge, anorexia, coughing and elevation of rectal temperature). 

Points were assigned to clinical signs as indicated below: 

Normal = Z = 0 points/day 

Nasal Discharge = N = 1 point/ day 

Ocular Discharge = 0 = 1 point/day 

Coughing = C = 2 points/day 
Results of clinical observations are shown in TABLE 3. Temperature results were analyzed separately and 
results of these observations are shown in TABLE 5 and figures 1-4. 

Table 3 not only shows daily clinical signs but also summarizes the 14-day results numerically under 
the column marked total. It is noted that the nonvaccinated control calves responded with a total average 
clinical sign score of 1.2. This can be considered a baseline. Groups 1, 3, and 4 calves had clinical sign 
score totals averaging less than that of the nonvaccinated controls. Only group 2 calves had a clinical sign 
average greater than that of the nonvaccinated control group. Even this value of 4.6 is not a clear indication 
of disease as calves which receive virulent virus routinely show a clinical sign average of 25 or higher. It is, 
therefore, concluded that ail of the vaccines tested herein, including the trivalent vaccine containing five 
times the normal level of the three viruses, were safe in calves when administered intranasally. 

The temperature responses of the 5 groups of calves post vaccination are illustrated in Figures 1 to 4. 
TABLE 5 sets forth the data used in Figures 1 to 4.Baseline temperatures were taken for four days prior to 
vaccination and on the day of vaccination. An average of these 5 temperature measurements establishes 
the normal variation for each animal (baseline). Figures 1 to 4 plot the change in temperature response from 
the baseline, comparing each group to the nonvaccinated control group. It is noted that none of the 
vaccines produced a temperature response post vaccination. Thus, all of the vaccines, including the 5X 
trivalent vaccine are considered safe when administered intranasally to calves. 

The final proof of compatibility of IBRV, PbV and BRSV in an intranasal trivalent vaccine is dem- 
onstrated by measuring the antibody responses in the calves receiving the various vaccines described 
previously (TABLE 2). Antibody responses were quantitated using serum neutralization assays known in the 
art. Such assays involve mixing diluted serum from animals in the study with a standard amount of virulent 
virus and th n placing the mixtur on a susceptibl tissu culture. If the virus has not been n utralized by 
antibodies in the serum the tissue culture cells will show a cytopathic effect (CPE). If antibody is present in 
the serum dilution it will block th CPE. Th last dilution of serum to compl tety n utraliz th virus is 
consid red the ndpoint and is denoted the antibody titer. In this study, one must compare th antibody 
titers produced by calves vaccinated the 1X trivalent vaccine with calves vaccinated with Nasal g n IP and 
BRSV Vac. Such a comparison will demonstrat wheth r there was a loss of antigenicity when th trival nt 
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vaccine was formulated. 

Table 4 lists the antibody titers against IBRV and BRSV on the day of vaccination (Day 0) and at 14 
days post vaccinati n. Since PI 3 V seronegativ calves are almost impossible to find and this viral 
compon nt is known to be stab! , antibody tit rs against it were not valuated. Although the individual calf 
titers are listed, the geometric mean titer (GMAT) is the most meaningful and should be compared for the 
group response. It is noted in TABLE 4, that the Nasalgen IP and BRSV Vac vaccines (Groups 3 and 4) 
produced Mold and 3-fold increases in IBRV titers respectively; whereas, the trivalent IX (GROUP I) 
vaccine produced a 28.5-fold increase in IBRV titer and the trivalent 5X (GROUP II) vaccine produced a 
22.6-fold increase in IBRV titer. These are truly vaccine responses as the nonvaccinated controls (Group 5) 
did not show an increase in titer. Obviously, the IBRV was not adversely affected by the other two virus 
components in this trivalent combination vaccine. Similar titer trends are observed with the BRSV fraction. 
The BRSV virus is known to generally produce low antibody titers. The antibody responses produced by 
calves receiving the trivalent 1X and trivalent 5X vaccines (2.3-fold and 2.4-fold respectively) were 
comparable to those titers produced by calves receiving Nasalgen IP and BRSV Vac R (1.6-fold and 3.3- 
fold respectively). One can conclude that the BRSV was not adversely affected by IBRV or PI 3 V. Again, the 
nonvaccinated control calves showed no increase in antibody titer indicating that there was no external 
exposure to BRSV. 

Surprisingly, the intranasal vaccination of calves with this newly-discovered trivalent vaccine containing 
IBRV, PI 3 V and BRSV produced a significant antibody response which would normally be considered 
protective. Additionally, this combination trivalent vaccine, even when administered intranasally as a 5X 
dose, did not produce adverse signs in calves post vaccination indicating that the combination is safe. 
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TABLE 4 



IBR AND BRSV SERUM ANTIBODY TITERS 


Group 


Calf 


IBR 


BRSV 






Day 0 


Day 14 


Day 0 


Day 14 


1 


246 


<2 


45 


6 


8 




250 


<2 


32 


16 


8 






2 


45 


<2 


<8 




oco 


<2 


45 


16 


45 




£00 


<2 


16 


3 


16 




All AT 

la ma I 


1.2 


34.2 


5.4 


12.6 


2 


254 


<2 


16 


6 


11 




280 


<2 


16 


8 


32 






<2 


90 


4 


8 






<2 


16 


3 


11 






<2 


16 


8 


11 




f2M AT 

♦ uMA 1 


1.0 


22.6 


5.4 


12.7 


3 


248 


<2 


11 


11 


32 




257 


3 


4 


4 


8 




278 


3 


45 


11 


16 






<2 


16 


8 


11 






<2 


11 


8 


8 


. 


r>ii AT 


1.6 


12.8 


7.9 


12.9 


4 


247 


<2 


<4 


4 


11 




277 


<2 


<4 


<2 


8 




284 


<2 


<4 


3 


8 




287 


<2 


<4 


<2 


<8 




292 


<2 


<4 


16 


16 




GMAT 


1.0 


3.0 


2.9 


9.5 


5 


248 


<2 


<2 


<2 


2 




281 


<2 


2 


11 


3 




291 


<2 


<2 


6 


4 




293 


3 


<2 


8 


2 




297 


<2 


<2 


3 


<2 




GMAT 


1.3 


1.2 


4.4 


2.2 
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TABLE 5 



DAYS POST 
VACCINATION 


GROUP 1 


GROUP 2 


GROUP 3 


GROUP 4 


GROUP 5 


0 


0.1 


0.6 


0.3 


0 


0.6 


1 


-0.7 


0.4 


-0.2 


-0.4 


0.1 


2 


-0.3 


0.4 


-0.1 


-0.7 


-0.5 


3 


-0.5 


-0.1 


-0.6 


0 


0 


4 


-0.3 


0.1 


-0.7 


-0.2 


-0.3 


5 


-0.1 


-0.3 


-0.3 


-0.3 


0 


o 


-U.4 


-0.1 


-0.6 


-1 


-0.9 


7 


-0.4 


-0.6 


-0.3 


-0.4 


-0.2 


8 


0.1 


-0.5 


-0.1 


-0.1 


-0.3 


9 


-0.3 


-0.5 


0 


0 


-0.4 


10 


-0.4 


-0.1 


-0.2 


0.2 


-0.3 


11 


-1 


-0.4 


-0.6 


-0.5 


-0.6 


14 


-0.4 


0.4 


-0.3 


0.1 


-0.6 



Although the invention has been described in detail in the foregoing for the purpose of illustration, it is 
to be understood that such detail is solely for that purpose and that variations can be made therein by those 
skilled in the art without departing from the spirit and scope of the invention except as it may be limited by 
the claims. 

Claims 

1. A safe and effective intranasal bovine vaccine incorporating a non-virulent modified live infectious 
bovine rhinotracheitis virus (IBRV), a modified live bovine parainfluenza subtype 3 (PbV) and a non- 
virulent bovine respiratory syncytial virus (BRSV). 

2. A method of vaccinating bovines comprising intranasal^ administering thereto an effective amount of a 
trivaient vaccine containing a modified live infectious bovine rhinotracheitis virus (IBRV), parainfluenza 
subtype 3 (PbV) and bovine respiratory syncitial virus (BRSV). 

a The method of Claim 1 wherein the vaccine is administered in a dosage of 1 to 5 ml. 

4. The method of Claim 1 wherein the IBRV, PI 3 V and BRSV are present to titers of at least 10 5 * 
TCIDso/dose IBRV; at least 10* 5 TCICWdose PI 3 V and at least 10 3 - 2 TCIDso/dose BRSV. 
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